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The development of effector T cell subsets in murine Leishmania major 
infection . 

Locksley RM; Wakil AE; Corry DB; Pingel S; Bix M; Fowell DJ 
Department of Medicine, University of California, San Francisco 94143, 
USA. 

Ciba Found Symp (NETHERLANDS) 1995, 195 pllO-7; discussion 117-22, 
ISSN 0300-5208 Journal Code: D7X 

Contract/Grant No.: AI26918, AI, NIAID; AI30663, AI, NIAID; T32 DK07007, 
DK, NIDDK 

Languages : ENGLISH 

Document type: JOURNAL ARTICLE; REVIEW; REVIEW, TUTORIAL 

Leishmania major infection has proven an exceptional model for CD4 + 
subset development in inbred mice. Most strains contain infection 
coincident- wi th- -the appeara nce;— of- T helper~l~(Thr r~ cellos that "produce" 
,gagBffia~i nterferon (IFN-gamma) re^oiii-red ~ Ztor macrophag e 
ac£j y^ati on. In contrast, mice on the BALB background are unable to control 
infection due to the development of . Th2 cells that produce 
counter-regulatory cytokines, particularly interleukin 4 (IL-4), capable of 
abrogating the effects of IFN-gamma. Selective gene disruption studies in 



mice have illustrated critical components of the host response to L. major. 
Mice deficient in beta 2 microglobulin, which have no major 
histocompatibility complex (MHC) class I or CD8+ T cells, control infection 
as well as wild-type mice, whereas mice deficient in MHC class II (and CD4 + 
T ceils) suffer fatal infection. Mice with disruption of the gene coding 
IFN-gamma are also incapable of containing infection, reflecting absolute 
requirements for this cytokine. A number of interventions have been 
demonstrated to abrogate Th2 cell development in BALB mice, enabling these 
mice to control infection. Each of these — IL-12, anti-IL-4, anti-lL-2, 
anti-CD4 and CTLA4-Ig — has in common the capacity to make IL-4 rate 
limiting at the time of CD4+ cell priming. 

...strains contain infection coincident with the appearance of T helper 1 
(Thl) cells that produce gamma- interferon (IFN-gamma) required 
for macrophage activation. In contrast, mice on the BALB background are 
unable. . . 



...infection. Each of these — IL-12, 
CTLA4 -Ig — has in common the capacity 
the time . . . 



anti-IL-4, anti-IL-2, anti-CD4 and 
to make IL-4 rate limiting at 
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Stat4, a novel gamma interferon activation site-binding 
protein expressed in early myeloid differentiation. 

Yamamoto K; Quelle FW; Thierf elder WE; Kreider BL; Gilbert DJ; Jenkins NA 
; Copeland NG; Silvennoinen O; Ihle JN 

Department of Biochemistry, St. Jude Children's Research Hospital, 
Memphis, Tennessee 38105. 

Mol Cell Biol (UNITED STATES) Jul 1994, 14 (7) p4342-9, ISSN 
0270-7306 Journal Code: NGY 

Contract/Grant No.: P30 CA21765, CA, NCI; ROl DK42932, DK, NIDDK; NOl 
CO-74101, CO, NCI 

Languages : ENGLISH 

Document type: JOURNAL ARTICLE 

Interferon regulation of gene expression is dependent on the tyrosine 
phosphorylation and activation of the DNA-binding activity of two related 
proteins of 91 kDa (STAT1) and/or 113 kDa (STAT2). Recent studies have 
suggested that these proteins are substrates of Janus kinases and that 
proteins related in STAT1 are involved in a number of signalling pathways, 
including those activated in myeloid cells by erythropoietin and 
interleukin-3 (IL-3) , To clone STAT-related proteins from myeloid cells, 
degenerate oligonucleotides were used in PCRs to identify novel family 
members expressed in myeloid cells. This approach allowed the 
identification and cloning of the Stat4 gene, which is 52% identical to 
STAT1. Unlike STAT1, Stat4 expression is restricted but includes myeloid 
cells and spermatogonia. In the erythroid lineage, Stat4 expression is 
differentially regulated during differentiation. Functionally, Stat4 has 
the properties of other STAT family genes. In particular, cotransf ection of 
expression constructs for Stat4 and Jakl and Jak2 results in the tyrosine 
phosphorylation of Stat4 and the acquisition of the ability to bind to the 
gamma interferon ( IFN-gamma) -activated sequence of the 
interferon regulatory factor 1 (IRF-1) gene. Stat4 is located on mouse 
chromosome 1 and is tightly linked to the Statl gene, suggesting that the 
genes aros e by ge ne d uplic ation. Unlik e Statl, neithe r IF N-al pha nor 
IFN-gamma activates Stat4. Nor is Stat 4 activated in myeloid cells by a 
number of cytokines, including erythropoietin, IL-3, granulocyte 
colony-stimulating factor, stem cell factor, colon-stimulating factor 1, 
hepatocyte growth factor, IL-2, IL-4, and IL-6. 



Stat4, a novel gamma interferon activation site-binding 



protein expressed in early myeloid differentiation. 

. . . the tyrosine phosphorylation of Stat4 and the acquisition of the 
ability to bind to the gamma interferon ( I FN-gamma) -activated 
sequence of the interferon regulatory factor 1 (IRF-1) gene. Stat4 is 

Gene Symbol: Stat4; Illrl; Ctla4; Gls 
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CTLA4 blockade affects clonal expansion of MBP-reactive T-cells and 
is dependent on antigen concentration. 

AUTHOR: Anderson David E(a); Bieganowska Katarzyna (a) ; Bar-Or Amit(a)- 

Hafler David A(a) 
AUTHOR ADDRESS: (a) Boston, MA, USA 

JOURNAL: Neurology 52 (6 SUPPL. 2) :pA400-A401 April 12, 1999 

CONFERENCE/MEETING: 51st Annual Meeting of the American Academy of 
Neurology Toronto, Ontario, Canada April 17-24, 1999 
SPONSOR: American Academy of Neurology 

ISSN: 0028-3878 
RECORD TYPE: Citation 
LANGUAGE : English 

CTLA4 blockade affects clonal expansion of MBP-reactive T-cells and 

is dependent on antigen concentration. 
DESCRIPTORS: 

CHEMICALS £ BIOCHEMICALS : . . . CTLA4 ; 

...I FN gamma {interferon gamma 



4/3,K,AB/4 (Item 2 from file: 55) 

DIALOG (R) File 55:Biosis Preiviews(R) 
(c) 1999 BIOSIS. All rts. reserv. 

11729581 BIOSIS NO.: 199800511312 

Regulation of T helper cell differentiation in vivo by soluble and membrar 
proteins provided by antigen-presenting cells. 

AUTHOR: De Becker Genevieve; Moulin Veronique; Tielemans Francoise; De 
Mattia Fabrizio; Urbain Jacques; Leo Oberdan; Moser Muriel (a) 

AUTHOR ADDRESS: (a)Lab. Physiol. Anim. , Univ. Libre Bruxelles, Rue des 
Chevaux 67, B-1640 Rhode-saint-Genese, Belgium 

JOURNAL: European Journal of Immunology 28 (10) :p3161-3171 Oct 1998 
ISSN: 0014-2980 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 

ABSTRACT: The aim of this study was to test whether the nature of the 

antigen-presenting cell (APC) can influence the Thl/Th2 balance in vivo. 
Our data show that dendritic cells (DC) , -pulsed -extracorporeally with_ 
antigen, induced the development of cells secreting XL-2, I FN- gamma and 
IL-4 upon antigen rechallenge in vitro. Priming with peritoneal 
macrophages sensitized cells that produced IL-4 but not IFN-gamma. To 
identify the factors involved in T helper development, mice were primed 
with APC with or without treatment with neutralizing antibodies to 
costimulatory molecules or cytokines. Our results indicate that priming 



with DC or macrophages is stri ctly dependent on the CD28-CTLA4/B7 
interaction^. or^-rToT^r-^08^~lTr ovists* the initial STgnaTTto induce naive T 
cells to become IL-4 producers, whereas CD80 is a more neutral 
differentiation signal. IL-12, released by the DC, appears as a potent 
and obligatory inducer of differentiation for IFN-gamma-producing cells. 
IL-6, although produced by both APC populations, is necessary to direct 
activation of the Th2-type response by macrophages but not by DC. 

...ABSTRACT: Our results indicate that priming with DC or macrophages is 
strictly dependent on the CD28-CTLA4/B7 interaction. Of note, CD86 
provides the initial signal to induce naive T cells to. . . 

DESCRIPTORS: 

CHEMICALS & BIOCHEMICALS: . . . INF-gamma { inter fer on- gamma ) 
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Blockade of CD28/B7 interaction suppresses allergic eosinophilic 
inflammation in mice. 

AUTHOR: Kasai Masaaki; Kumano Koutaro; Kurasawa Kazuhiro; Nakao Atsuhito; 

Saito Yasushi; Iwamoto Itsuo(a) 
AUTHOR ADDRESS: (a) Dep. Internal Med. II, Chiba Univ. Sch. Med., 1-8-1 

Inohana, Chiba City, Chiba 260, Japan 

JOURNAL: International Archives of Allergy and Immunology 117 (SUPPL. 1) :p 

14-19 Sept., 1998 

ISSN: 1018-2438 

DOCUMENT TYPE: Article 

RECORD TYPE: Abstract 

LANGUAGE: English 

ABSTRACT: To determine whether the costimulatory signal via CD28/B7 

interaction is required for causing allergic inflammation, we examined 
the effect of administration of CTLA4-Ig, a fusion protein of the 
extracellular domain of CTLA4 and human IgGl-constant region, at 
the time of sensitization, on antigen-induced eosinophil infiltration in 
the trachea of sensitized mice, on IL-2, IFNgamma, IL-4 and IL-5 
production in the airways of the mice and on antigen-specific IgE 
synthesis in the mice. Administration of CTLA4-Ig at the time of 
sensitization suppressed antigen-induced eosinophil infiltration into the 
trachea and antigen-specific IgE production in mice. Furthermore, 
CTI*A4-Ig administration at the time of sensitization suppressed not 
only IL-2 production but also IFN-gamma and Th2 cytokine IL-4 and IL-5 
production in the airways. Because allergic inflammation requires CD4+ T 
cells producing Th2-type cytokines IL-4" and IL-5, our results' suggest 
that the costimulatory signal via CD28/B7 interaction is important for 
the generation and activation of Th2 cells and thereby for the 
development of allergic inflammation. 

. . .ABSTRACT: B7 interaction is required for causing allergic inflammation, 
we examined the effect of administration of CTLA4-Ig, a fusion 
protein of the extracellular domain of CTLA4 and human 
IgGl-constant region, at the time of sensitization, on antigen-induced 
eosinophil infiltration... 

...airways of the mice and on antigen-specific IgE synthesis in the mice. 
Administration of CTLA4-Ig at the time of sensitization suppressed 
antigen-induced eosinophil infiltration into the trachea and 
antigen-specific IgE production in mice. Furthermore,' CTLA4-Ig 
administration at the time of sensitization suppressed not only IL-2 
production but also... 



DESCRIPTORS: 
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CD28-independent induction of T helper cells and immunoglobulin class 
switches requires costimulation by the heat-stable antigen. 

AUTHOR: Wu Yan; Zhou Qunmin; Zheng Pan; Liu Yang (a) 

AUTHOR ADDRESS: (a)Michael Heidelberger Div. Immunol., Dep. Pathol. Kaplan 
Comprehensive Cancer Cent., New York Uni, USA 

JOURNAL: Journal of Experimental Medicine 187 (7) :pll51-1156 April 6 1998 
ISSN: 0022-1007 * 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 

ABSTRACT: It is well established that B7-CD28/CTLA4 interactions play 
an important role in the induction of T helper cells for T-dependent 
antibody responses. However, targeted mutation of CD28 does not 
significantly affect production of IgG and activation of CD4 T helper 
cells in response to infections by some viruses and nematode parasites. 
To test whether the CD28-independent induction of Ig class switches 
requires costimulation by the heat-stable antigen (HSA) , we compared T 
helper cell induction and antibody response in mice deficient for either 
HSA, CD28, or both genes. We found that after immunization with KLH-DNP, 
mice deficient for both CD28 and HSA lack DNP-specific IgA and all 
subtypes of IgG. This deficiency corresponds to a reduced number of 
effector helper T cells that rapidly produce IL-2, IL-4, and IFN-gamma 
after in vitro stimulation with carrier antigen KLH. In contrast, priming 
of T helper cells and Ig class switch are normal in mice deficient with 
either HSA or CD28 alone. IgM responses are not affected by any of these 
targeted mutations. These results demonstrate that CD28-independent 
induction of T helper cells and Ig class-switches requires costimulation 
by the HSA. 

ABSTRACT: It is well established that B7-CD28/CTLA4 interactions play 

an important role in the induction of T helper cells for T-dependent 
DESCRIPTORS: 

CHEMICALS & BIOCHEMICALS: ...IFN-gamma { interferon- gamma .. . 
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[Is there a place for gene therapy in organ transplantation?] 

Existe-t-il une place pour la therapie genique en transplantation 

d'organes? 
Gianello P 

Laboratoire de Chirurgie Experimentale, Universite Catholique de Lauvain 
en Woluwe, Bruxelles, Belgique. 

Ann Chir ( FRANCE) 1997, 51 (6) p593-604, ISSN 0003-3944 
Journal Code: 50E 

Languages: FRENCH Summary Languages: ENGLISH 

Document type: JOURNAL ARTICLE; REVIEW; REVIEW, TUTORIAL English 
Abstract 

The major research objectives in organ transplantation are to palliate 
the lack of organs, to decrease the adverse effects of chronic 
immunosuppression and to improve medium-term and long-term graft survival. 
Xenotransplantation and induction of a permanent and specific tolerance to 
an allograft therefore represent two main lines of research which could 
partly resolve the problems of organ transplantation. The objective of this 
article is to evaluate the possible role of gene therapy in the development 
of xenotransplantation and induction of allograft tolerance. They review 
the various gene vectors currently available as well as the routes of 
administration of these vectors specific to transplantation. The place of 
gene therapy is then evaluated in the context of alio- and 
xenotransplantation. In allotransplantation, transfection of certain genes 
of interest into the transplant organ before implantation or into the 
recipient's immune system is considered. Transfection into the transplant 
organ of genes coding for immunomodulating cytokines (TGF-beta, IL-4, 
IL-10, etc.), molecules which block the second signal (CTLA4-Ig) or 
molecules responsible for apoptosis (Fas/FasL) is discussed. The value of 
gene therapy in the recipient 1 s~ immune system consists of transfection onto 
the recipient's bone marrow cells of genes coding for major 
histocompatibility system molecules (HLA-DR, DQ, etc.). In 
xenotransplantation, gene therapy will certainly play a major role in the 
development of transgenic pigs expressing, on the surface endothelium of 
their organs, certain human molecules which regulate the activity of 
complement (CD55, CD59, etc.) or which modify the expression of 



glycosylated xenoantigens (alpha-galactosyl) recognized by performed 
antibodies . 

... immunomodulating cytokines (TGF-beta, IL-4, IL-10, etc.), molecules 
which block the second signal (CTLA4-Ig) or molecules responsible for 
apoptosis ( Fas/FasL) is discussed. The value of gene therapy... 

on the surface endothelium of their organs, certain human molecules 
which regulate the activity of complement (CD55, CD59, etc.) or which 
modify the expression of glycosylated xenoantigens (alpha-galactosyl) 
recognized by. . . 
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Ex vivo coating of islet cell allografts with murine CTLA4/FC 

promotes graft tolerance. 

Steurer W; Nickerson PW; Steele AW; Steiger J; Zheng XX; Strom TB 
harvard Medical School, Department of Medicine, Boston, MA, USA. 

J Immunol (UNITED STATES) Aug 1 1995, 155 (3) P 1165-74, ISSN 
00'22- 17 67 Journal Code: IFB 

Languages: ENGLISH 
1 Document type: JOURNAL ARTICLE 

To test the hypothesis that blockade of B7-triggered costimulation by 
donor cells could preclude allograft rejection, we coated crude islet 
allograft preparations in vitro for 1 h with a murine CTLA4 / Fc fusion 
protein. Murine CTLA4/Fc blocks the proliferative response in primary 
mixed lymphocyte cultures (MLC) and Con A-stiraulated murine spleen cell 
cultures by 85 to 95%. Responder cells from a primary MLC containing 
mCTLA4/Fc were hyporesponsive upon restimulation to the same stimulator 
cells in a secondary MLC lacking mCTLA4/Fc. B ecause of mutations in the Fc 
gamma RI and C'lq bljiding_ai±es-af_JAe-F^ 

/Fc fM-l.^g—pfgCTv""^ mo lecule binds to, but doe s no t tar get, cells for 
Kb irr^-ljEl^L' 1 "" 1 "'" ^ Y<-"«-°xicitv or complement-directe d cytolysi s . 
ATthou^h~""I7stemic immunosuppression was not applied, 42% (10 of 24) or 
B6AF1 recipients of islet allografts pretreated with CTLA4/FC were 
permanently engrafted. Further, 50% of hosts bearing functioning islet 
allografts more than 150 days post-transplant were formally proved to be 
tolerant to donor tissues. A persistent CD4+ and CD8+ T cell infiltrate 
surrounding, but not invading, islet grafts in tolerant hosts was 
decerned. in control experiments, 89% (8 of 9) of islet allografts coated 
with mIgG3, and 100% (n = 10) pretreated with media alone were rejected. 
Thus, we conclude that 1) B7-triggered costimulation by donor APCs is an 
important element of rejection, and 2) blockade of the B7 pathway by m 
vitro allograft manipulation is able to induce tolerance. 

Ex vivo coating of islet cell allografts with murine CTIA4/Fc 
promotes graft tolerance. 

rejection, we coated crude islet allograft preparations in vitro for 1 
h with a murine CTLA4/Fc fusion protein. Murine CTIA4/FC blocks 
the proliferative response in primary mixed lymphocyte cultures (MLC) and 
Con A-stimulated. . . 

Fc gamma RI and C'lq binding sites of the Fc portion of the murine 
CTLA4 /Fc fusion protein, the molecule binds to, but does not target, 
cells for Ab-dependent cellular cytotoxicity or complement-directed 
_ cvtolysii: — AiTholigh-^^tem^TnmUn-osuppxessi-o 

24) of B6AF1 recipients of islet allografts pretreated with CTLA4/FC 
were permanently engrafted. Further, 50% of hosts bearing functioning islet 
allografts more than 150... 
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Interactions of CD80 and CD86 with CD28 and CTLA4 . 

AUTHOR: Ellis Jonathan H(a); Burden M Neil; Vinogradov Dimitri V; Linge 

Claire; Crowe J Scott 
AUTHOR ADDRESS: (a) Intmunopathol . Unit, Glaxo-Wellcome Med. Res. Cent., 

Gunnels Wood Road, Stevenage, Hertfordshire , UK 

JOURNAL: Journal of Immunology 156 (8) :p2700-2709 1996 
ISSN: 0022-1767 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 

ABSTRACT: CD80 and CD86 are cell surface glycoproteins expressed on a 
variety of professional APCs . They have attracted much attention due to 
their function as potent costimulators of T lymphocyte function through 
their interaction with CD28 and possibly CTLA4 . Because inhibitors 
of this interaction may have therapeutic relevance in human autoimmune 
disease, we investigated the properties of linear peptides derived from 
conserved regions of CTLA4 and CD80 known to be essential for 
binding. None of these peptides were sufficient to bind ligand, nor did 
they act as potent competitive inhibitors. Conf ormationally constrained 
versions of the CTLA4 motif were also inactive. These results 
suggested that other parts of the proteins are important in determining 
binding, so a series of modified CD80 and CD86 molecules were constructed 
in an attempt to identify other binding determinants. Insertion of two 
residues between the two Ig domains of CD80 resulted in decreased 
affinity for CTLA4, but a similar mutation in CD86 was without 
effect. We also identified another asymmetry between CD80 and CD86 in 
that the V domain of CD86 but not that of CD80 is sufficient for 
CTLA4 binding. The CD86-V domain appears to have CTLA4 
binding properties equivalent to that of intact CD86. These data 
illustrate a fundamental difference between these costimulatory molecules 
and suggest a mechanism by which they may be differentially recognized by 
receptors on the T cell surface. 

Interactions of CD80 and CD86 with CD28 and CTLA4 . 

...ABSTRACT: function as potent costimulators of T lymphocyte function 
through their interaction with CD28 and possibly CTLA4 . Because 
inhibitors of this interaction may have therapeutic relevance in human 
autoimmune disease, we investigated the properties of linear peptides 
derived from conserved regions of CTLA4 and CD80 known to be 
essential for binding. None of these peptides were sufficient to bind 
ligand, nor did they act as potent competitive inhibitors. 
Conformationally constrained versions of the CTLA4 motif were also 
inactive. These results suggested that other parts of the proteins are 
important . . . 

...of two residues between the two Ig domains of CD80 resulted in decreased 
affinity for CTLA4, but a similar mutation in CD86 was without 
effect. We also identified another asymmetry between... 

...in that the V domain of CD86 but not that of CD80 is sufficient for 

CTLA4-bindi ng The -GD86-V— domain— appears— to— have- CTLA4 _ 

binding properties equivalent to that of intact CD86. These data 
illustrate a fundamental difference between... 
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CTLA4 (CD152) modulates the Th subset response and alters the 
course of experimental Leishmania major infection. 

Sana B; Chattopadhyay S; Germond R; Harlan DM; Perrin PJ 

Immune Cell Biology Program, Naval Medical Research Institute, Bethesda, 
USA. root@nccs.ernet.in 

Eur J Immunol (GERMANY) Dec 1998, 28 (12) p4213-20, ISSN 0014-2980 
Journal Code: ENS 

Languages : ENGLISH 

Document type: JOURNAL ARTICLE 

Since both the nature and the amplitude of an antigen-specific T cell 
response" ~a re" dependent "on- co^stimulatory-signal-s-, -we -have-i-nves t igated-the 
role of CD28/CD152-mediated T cell co-stimulation in the regulation of 
experimental cutaneous leishmaniasis. CD28-def icient mice and their 
wild-type littermates are equally susceptible to Leishmania major 
infection. Whole anti-CD152 antibody significantly exacerbates the disease 
while anti-CD152 Fab ameliorates the disease in genetically susceptible 
BALB/c mice but not in C57BL/6, a resistant strain. The anti-CD152-induced 



exacerbation of the disease is accompanied by increased 
IL-4-secreting cell number, diminished parasite-specific delayed-type 
hypersensitivity (DTH) response and augmented anti-2, 4, 6-trinitrophenyl 
(TNP) IgGl in response to TNP-leishmanial antigen crude soluble antigen 
(CSA), suggesting an exaggerated Th2 type of response. Anti-CD152 
Fab-mediated amelioration of the disease is associated with increased 

IFN-gamma-secreting cell number, increased parasite-specific 
DTH response and enhanced IgG2a isotype in response to TNP-CSA suggesting a 
Thl type of response. Unlike TNP-CSA, TNP-keyhole limpet hemocyanin does 
not induce the change in Ig isotype, indicating that the immunomodulatory 
effect of anti-CD152 is antigen specific. Anti-CD152 antibody-induced early 
change in Th subsets suggests an important role for CD152 in determining 
the course of L. major infection, perhaps by alteration of Th subset 
differentiation. 

CTLA4 (CD152) modulates the Th subset response and alters the 
course of experimental Leishmania major infection. 

... 6, a resistant strain. The anti-CD152-induced exacerbation of the 
disease is accompanied by increased IL-4-secreting cell number, 
diminished parasite-specific delayed-type hypersensitivity (DTH) response 
and augmented. . . 

. . . Th2 type of response. Anti-CD152 Fab-mediated amelioration of the 
disease is associated with increased IFN-gamma-secreting cell 
number, increased parasite-specific DTH response and enhanced IgG2a 
isotype in response to TNP-CSA suggesting a... 

; Interferon Type II — Immunology--IM; Interleukin-4 — Immunology — IM 
; Mice; Mice, Inbred BALB C; Mice, Inbred. . . 

Chemical Name: Antigens, Differentiation; (CTLA-4; (Interleukin-4; ( 
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CD40 ligand/t rimer DNA enhances both humoral and cellular immune 
responses and induces protective immunity to infectious and tumor 
challenge . 
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CD40/CD40 ligand interactions have a central role in the induction of 
both humoral and cellular immunity. In this study, we examined whether a 
plasmid expressing CD40 ligand/trimer (CD40LT) could enhance immune 
responses in vivo. BALB/c mice were injected with plasmid expressing 
beta-galactosidase DNA with or without CD40LT DNA or IL-12 DNA, and immune 
responses were assessed. Mice vaccinated with beta-gal DNA plus CD40LT DNA 
or IL-12 DNA had a striking increase in Ag-specific production of 
IFN-gantma , cytolytic T cell activity, and IgG2a Ab. The mechanism by 
which CD40LT DNA enhanced these responses was further assessed by treating 
vaccinated mice with antirIL-12 mAb ^or_ CTLA-4 - Ig — (CTLA4Ig )-.- 
Production of IFN-gamma and CTL activity was abrogated by these 
treatments, suggesting that CD40LT DNA was mediating its effects on IFN- 
gamma and CTL activity through induction of IL-12 and enhancement of 
B7 expression, respectively. Physiologic relevance for the ability of 
CD40LT DNA to enhance immune responses by the aforementioned pathways was 
shown in two in vivo models. First, with regard to CTL activity, mice 



vaccinated with CD40LT DNA did not develop metastatic tumor following 
challenge with lethal dose of tumor. Moreover, in a mouse model requiring 
IL-12-dependent production of IFN-gamma, mice vaccinated with soluble 
Leishmania Ag and CD40LT DNA were able to control infection with Leishmania 
major. These data suggest that CD40LT DNA could be a useful vaccine 
adjuvant for diseases requiring cellular and/or humoral immunity. 

. . . vaccinated with beta-gal DNA plus CD40LT DNA or IL-12 DNA had a 
striking increase in Ag-specific production of IFN-gamma, 
cytolytic T cell activity, and IgG2a Ab. The mechanism by which CD40LT DNA 
enhanced these... 



. . . further assessed by treating vaccinated mice with anti-IL-12 mAb or 

CTLA-4 Ig (CTLA4Ig) . Production of IFN-gamma and CTL activity 

was abrogated by these treatments, suggesting that CD40LT DNA was mediating 

its effects on IFN-gamma and CTL activity through induction of IL-12 

and enhancement of B7 expression, respectively. Physiologic. . . 

... dose of tumor. Moreover, in a mouse model requiring IL-12-dependent 
production of IFN-gamma, mice vaccinated with soluble Leishmania Ag 
and CD40LT DNA were able to control infection with... 
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CTLA4lg inhibits airway eosinophilia and hyperresponsiveness by 
regulating the development of Thl/Th2 subsets in a murine model of asthma. 
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Complete T-cell activation requires two distinct signals, one delivered 
via the T-cell receptor, and the second "co-stimulatory" signal through 
CD28/B7 ligation. Previous studies showed that the blockade of CD28/B7 
ligation alters differentiation of Thl/Th2 lymphocyte subsets in vitro and 
in vivo. The present study was designed to determine the effect of a 
CD28/B7 antagonist (CTLA4 Ig ) on Thl/Th2 development in Schistosoma 
mansoni-sensitized and airway-challenged mice. Treatment of mice with 
CTLA4 Ig beginning 1 wk after sensitization abolished airway 
responsiveness to intravenous methacholine determined 96 h following 
antigen challenge. We also found a significant reduction in bronchoalveolar 
lavage (BAL) eosinophilia, and reduced peribronchial eosinophilic 
infiltration and mucoid-cell hyperplasia. Furthermore, CTLA4 Ig 
treatment significantly decreased „ interleukin (IL) -4 and- IL-5 -content in 
BAL " fluid in vivo, and the production of IL-5 by lung lymphocytes 
stimulated with soluble egg antigen (SEA) in vitro. In contrast, the 
content of ^nterferon-gamma in BAL fluid and su p.exna,tan.t_f rom 
SEA-stimulated lung lymphocytes from CTLA4Ig-treated mice was 

in grease d__ siani f ic antly comp.ax.ed — w-i-trh — un t-rea-t ed a n ima 1 s . Thus , 

CTLA4Ig inhibits eosinophilic airway inflammation and airway 



hyperresponsiveness in S. mansoni-sensitized and airway-challenged mice, 
most likely due to attenuated secretion of Th2-type cytokines and 
increased secretion of Thl-type cytokines. 



CTLA4lg inhibits airway eosinophilia and hyperresponsiveness by 
regulating the development of Thl/Th2 subsets in a... 

... vivo. The present study was designed to determine the effect of a 
CD28/B7 antagonist ( CTLA4 Ig ) on Thl/Th2 development in Schistosoma 
mansoni-sensitized and airway-challenged mice. Treatment of mice with 
CTLA4Ig beginning 1 wk after sensitization abolished airway 
responsiveness to intravenous methacholine determined 96 h following. 

... in bronchoalveolar lavage (BAL) eosinophilia, and reduced peribronchial 
eosinophilic infiltration and mucoid-cell hyperplasia. Furthermore, 
CTLA4Ig treatment significantly decreased interleukin (IL)-4 and IL-5 
content in BAL fluid in vivo. . . 

... lung lymphocytes stimulated with soluble egg antigen (SEA) in vitro. In 
contrast, the content of interferon-gamma in BAL fluid and 
supernatant from SEA-stimulated lung lymphocytes from CTLA4Ig-treated 
mice was increased significantly compared with untreated animals. 
Thus, CTLA4 Ig inhibits eosinophilic airway inflammation and airway 
hyperresponsiveness in S. mansoni-sensitized and airway-challenged mice, 
most likely due to attenuated secretion of Th2-type cytokines and 
increased secretion of Thl-type cytokines. 
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Cytotoxic T lymphocyte antigen 4 ( CTLA4 ) blockade accelerates the 
acute rejection of cardiac allografts in CD28-def icient mice: CTLA4 
can function independently of CD28. 
Lin H; Rathmell JC; Gray GS; Thompson CB; Leiden JM; Alegre ML 
Department of Medicine, University of Chicago, Chicago, Illinois 60637, 
USA. 

J Exp Med (UNITED STATES) Jul 6 1998, 188 (1) pl99-204, ISSN 
0022-1007 Journal Code: I2V 

Contract/Grant No.: R37AI29637, AI, NIAID 

Languages : ENGLISH 

Document type: JOURNAL ARTICLE 

Cytotoxic T lymphocyte antigen 4 (CTLA4) appears to negatively 
regulate T cell activation. One mechanism by which CTLA4 might 
antagonize T cell function is through inhibition of CD28 signaling by 
competing for their shared ligands B7-1 and B7-2. In addition, CTLA4 
ligation could initiate a signaling cascade that inhibits T cell 
activation. To address whether CTLA4 could inhibit immune responses 
in the absence of CD28, rejection of heart allografts was studied in 
CD28-deficient mice. H-2(q) hearts were transplanted into allogeneic 
wild-type or CD28-def icient mice (H-2(b)). Graft rejection was delayed in 
CD28-def icient compared with wild-type mice. Treatment of wild-type 
recipients with CTLA4 -immunoglobulin (Ig) , or with anti-B7-l plus 
anti-B7-2 mAbs significantly prolonged allograft survival. In contrast, 
treatment of CD28-def icient mice with CTLA4 -Ig, anti-B7-l plus 
anti-B7-2 mAbs, or a blocking anti-CTLA4 mAb induced acceleration of 
allograft rejection. This increased rate of graft rejection was 
associated with more severe mononuclear cell infiltration and-enhanced 
levels of TFN-gainma and IL-6 transcripts in donor hearts of untreated 
wild-type and CTLA4-Ig- or anti-CTLA4 mAb-treated 
CD28-def icient mice. Thus, the negative regulatory role of CTLA4 
extends beyond its potential ability to prevent CD28 activation through 
ligand competition. Even in the absence of CD28, CTLA4 plays an 
inhibitory role in the regulation of allograft rejection. 



Cytotoxic T lymphocyte antigen 4 (CTLA4 ) blockade accelerates the 
acute rejection of cardiac allografts in CD28-def icient mice: CTLA4 
can function independently of CD28. 
Cytotoxic T lymphocyte antigen 4 ( C7LA4 ) appears to negatively 
regulate T cell activation. One mechanism by which CTLA4 might 
antagonize T cell function is through inhibition of CD28 signaling by 
competing for their shared ligands B7-1 and B7-2 . In addition, CTLA4 
ligation could initiate a signaling cascade that inhibits T cell 
activation. To address whether CTLA4 could inhibit immune responses 
in the absence of CD28, rejection of heart allografts was studied. . . 

... delayed in CD28-def icient compared with wild-type mice. Treatment of 
wild-type recipients with CTLA4 -immunoglobulin (Ig), or with 
anti-B7-l plus anti-B7-2 mAbs significantly prolonged allograft survival. 
In contrast, treatment of CD28-def icient mice with CTLA4 -Ig, 
anti-B7-l plus anti-B7-2 mAbs, or a blocking anti-CTLA4 mAb induced 
acceleration of allograft rejection. This increased rate of graft 
rejection was associated with more severe mononuclear cell infiltration and 
enhanced levels of IFN-gamma and IL-6 transcripts in donor hearts of 
untreated wild-type and CTLA4-Ig- or anti-CTLA4 mAb-treated 
CD28-def icient mice. Thus, the negative regulatory role of CTLA4 
extends beyond its potential ability to prevent CD28 activation through 
ligand competition. Even in the absence of CD28, CTLA4 plays an 
inhibitory role in the regulation of allograft rejection. 
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Arterial and venular endothelial cell costimulation of cytokine secretion 
by human T cell clones. 
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Vascular endothelial cell (EC) costimulation of cytokine secretion by T 
lymphocytes may be important in inflammation and allograft rejection. 
Venous and arterial iliac endothelial cells (VIEC, AIEC) both costimulate 
interleukin-2 (IL-2) production by peripheral blood lymphocytes (PBL) or T 
cell clones stimulated with phytohemagglutinin (PHA) . Interferon- 
gamma (IFN-gamma ) production is costimulated in a subset of 
clones but IL-4 is not. Surprisingly, two T cell clones were reciprocally 
better costimulated by VIEC or AIEC. EC activation by pretreatment with 
tumor necrosis factor alpha (TNF-alpha) does not increase T cell 
costimulation despite large increases in EC cell adhesion molecule 
expression. Neither VIEC nor AIEC express CTLA4-binding molecules and - 
costimulation- ls~ blocked by 'cyclosporin A, suggesting that CD28 is not 
involved in EC costimulation of T cells. These data suggest that adult 
vascular EC costimulate production of IL-2 and IFN-gamma but not IL-4 
by mature T cells, that EC costimulation is not increased in inflamed 
tissues, and that different EC optimally costimulate particular T cells. 
These findings have implications for the nature of the costimulatory 



signal (s) provided by EC and may be important in understanding vasculitis 
or atherosclerosis. 

... 2) production by peripheral blood lymphocytes { PBL) or T cell clones 
stimulated with phytohemaggiutinin (FHA) . interferon-gamma 

{IFN-gamma ) production is costimulated in a subset of clones but 
IL-4 is not. Surprisingly, two... 

... or AIEC. EC activation by pretreatment with tumor necrosis factor alpha 
(TNF-alpha) does not increase T cell costimulation despite large 
increases in EC cell adhesion molecule expression. Neither VIEC nor 
AIEC express CTLA4-binding molecules and costimulation is blocked by 
cyclosporin A, suggesting that CD28 is not involved... 

... cells. These data suggest that adult vascular EC costimulate production 
of IL-2 and IFN-gamma but not IL-4 by mature T cells, that EC 
costimulation is not increased in inflamed tissues, and that 
different EC optimally costimulate particular T cells. These findings have 
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Immunoliposomes containing antibodies to costimulatory molecules as 
adjuvants for HIV subunit vaccines. 
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Immunoliposomes containing monoclonal antibodies (MAbs) to the 
costimulatory molecules CD2 8 and CTLA4 and their counterreceptors 
B7-1 (CD80) and B7-2 (CD86) were evaluated for the ability to 
increase the immune response to recombinant envelope protein rgpl20 
of the MN strain of human immunodeficiency virus type 1 (HIV-1) during 
vaccination. MAbs were attached to rgpl20-containing liposomes via a 
biotin-avidin-biotin bridge. Mice vaccinated with immunoliposomes were 
found to have a strong delayed-type hypersensitivity (DTH) response to the 
weakly immunogenic gpl20 that was dependent on the presence of the MAbs. 
However, this vaccination protocol did not induce humoral immunity. The DTH 
response was not accompanied by increased production of 
interferon gamma (IFN-gamma ) or interleukin 4 (IL-4), 

implying that the primary cellular interaction was between the 
immunoliposomes and cells of the reticuloendothelial system and not helper 
T ( Th ) cells . _ This_ strategy ^f__incorporating_antibodies -to-cos t imul-a -t-ory- 
molecules on the surface of antigen-containing particulates, such as 
liposomes or microspheres, can be used to increase DTH immune 
responses to protein or peptide vaccines. 



Immunoliposomes containing monoclonal antibodies (MAbs) to the 
costimulatory molecules CD28 and CTLA4 and their counterreceptors 



B7-1 (CD80) and B7-2 (CD86) were evaluated for the ability to 
increase the immune response to recombinant envelope protein rgpl20 
of the MN strain of human immunodeficiency. . . 

... this vaccination protocol did not induce humoral immunity. The DTH 
response was not accompanied by increased production of 
interferon gamma (IFN-gamma ) or interleukin 4 (IL-4), 

implying that the primary cellular interaction was between the 
immunoliposomes . . . 

. . . the surface of antigen-containing particulates, such as liposomes or 
microspheres, can be used to increase DTH immune responses to protein 
or peptide vaccines. 
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Blockade of CD40-CD40 ligand pathway induces tolerance in murine contact 
hypersensitivity. 
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Interactions between CD40 on antigen-presenting cells and its ligand 
(CD40L) on T cells has been implicated in T cell-mediated immune responses. 
Previously, we have shown that contact hypersensitivity (CHS), a 
cell-mediated cutaneous immune response in reaction to haptens, could be 
subclassified based on whether the hapten primed for Thl or Th2 cytokines 
in cells isolated from draining lymph nodes. We also found that tolerance 
to a Th2-priming hapten could be induced only by simultane blockade of the 
CD40-CD40L and B7-CD28 at the time of sensitization. Here we demonstrate 
that blockade of CD40-CD40L signaling alone induces long-lasting 
unresponsiveness to the Thl hapten 2, 4-dinitrof luorobenzene (DNFB) , and 
inhibits antigen-specific T cell proliferation in vitro. We find that 
CD40-CD40L signaling is required in the sensitization but not elicitation 
phase of DNFB-induced CHS, as treatment of mice with anti-CD40L monoclonal 
antibody (mAb) "does not affect the response to hapten challenge in 
previously sensitized and untreated animals. Examination of cytokine 
production shows that anti-CD40L mAb decreases interferon — gamma 
production by draining lymph node cells from DNFB-sensitized mice, and 
reciprocally increases interleukin (IL)-4 production. Consistent with 
this Thl to Th2 immune deviation, anti-CD40L mAb prevents the induction of 
IL-12 mRNA in regional lymph nodes, an event which is normally seen within 
12 h following hapten sensitization. In contrast, suppression of CHS by 
CTLA4Ig decreased the production of all cytokines by draining lymph 
node cells. Together, these data show _tha^_Mp c_ka.de ._o.f— the~CD4-0-GD40-L- 
_pa.thway — by — itself - is -sufficient" to "induce tolerance to DNFB-induced CHS, 
and that this is associated with blockade of IL-12 induction and Thl to Th2 
immune deviation. 

... previously sensitized and untreated animals. Examination of cytokine 
production shows that anti-CD40L mAb decreases interferon-gamma 



production by draining lymph node cells from DNFB-sensitized mice, and 
reciprocally increases interleukin (IL)-4 production. Consistent with 
this Thl to Th2 immune deviation, anti-CD40L mAb. . . 

... is normally seen within 12 h following hapten sensitization. In 
contrast, suppression of CHS by CTLA4Ig decreased the production of 
all cytokines by draining lymph node cells. Together, these data show... 
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The role of the CD28/B7 interaction in the regulation of NK cell 
responses during infection with Toxoplasma gondii. 
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We examined the role of the CD28/B7 interaction in regulation of NK cell 
activity. Cells transfected with B7 enhanced IL-12-induced production of 
IFN-gamma by IL-2-activated, CD28+ NK cells, but not by resting CD28- 
NK cells. The ability of B7 transf ectants to enhance NK cell production of 
IFN-gamma was dependent on the intracellular adhesion 
molecule-l/LFA-1 interaction and could be inhibited by TGF-beta, but not 
IL-10. Since IL-12-induced production of I FN — gamma by NK cells is 
associated with resistance to certain infections, we examined whether the 
CD28/B7 interaction regulated NK cell responses during infection. Infection 
of SCID mice with Toxoplasma gondii resulted in the appearance of a 
population of CD28+ NK cells, NK cell production of IFN-gamma, and 
increased NK cell cytolytic activity. Administration of CTLA4 
-Ig to SCID mice infected with T. gondii inhibited these latter two effects 
and resulted in a significant increase in parasite burden. The 
stimulus for CD28 expression by NK cells in SCID mice infected with T. 
gondii appeared to be independent of IL-2. However, mRNA for IL-15, a 
cytokine with properties similar to those of IL-2, was detected in tissues 
of SCID mice infected with T. gondii. In vitro experiments demonstrated 
that IL-15 could stimulate resting NK cells to express functionally active 
CD28 as well as enhance the production of IFN-gamma by SCID 
splenocytes stimulated with T. gondii. Together our data demonstrate that 
the interaction of CD28+ NK cells with B7 regulates NK cell production of 
IFN-gamma associated with resistance to infection and that IL-15 may 
be involved in these events. 

... of NK cell activity. Cells transfected with B7 enhanced IL-12-induced 
production of IFN-gamma by IL-2-activated, CD28+ NK cells, but not by 
resting CD28- NK cells. The ability of B7 transf ectants to enhance NK cell 
production of IFN-gamma was dependent on the intracellular adhesion 
molecule-l/LFA-1 interaction and could be inhibited by TGF-beta, but not 
IL-10. Since IL-12-induced production of IFN-gamma by NK cells is 
associated with resistance to certain infections, we examined whether the 
CD28. . . 

in the -appearance of a~~ popuratiorT 6f~CD28+ NK cells, NK cell production 

of I FN -gamma, and increased NK cell cytolytic activity. 
Administration of CTLA4 -Ig to SCID mice infected with T. gondii 
inhibited these latter two effects and resulted in a significant 
increase in parasite burden. The stimulus for CD28 expression by NK 
cells in SCID mice infected. . . 



. . . NK cells to express functionally active CD28 as well as enhance the 
production of IFN-gamma by SCID splenocytes stimulated with T. 
gondii. Together our data demonstrate that the interaction of CD28+ NK 
ceils with B7 regulates NK cell production of IFN-gamma associated 
with resistance to infection and that IL-15 may be involved in these 
events . 
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Opposing effects of CTLA4-Ig and anti-CD80 (B7-1) plus anti-CD86 
(B7-2) on experimental allergic encephalomyelitis. 
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The roles of the B7 receptors, CD80 and CD86, during actively induced 
experimental allergic encephalomyelitis were examined with specific 
monoclonal antibodies and CTLA4-Ig. Injection of CTLA4-Ig on 
day 2 post-immunization resulted in decreased incidence and severity of 
resultant disease. Anti-CD80 injection on day 2 blocked development of the 
first disease episode. Subsequent relapses were unaffected. In contrast, 
injection of anti-CD86 alone had no effect. Surprisingly, combined 
anti-CD80 + anti-CD86 monoclonal antibody injection on day 2 resulted in 
marked exacerbation of disease. Examination of cytokine production in the 
draining lymph node cells demonstrated a reduction in both interferon 
( IFN) -gamma and interleukin (IL)-2 producing cells, but a dramatic 
increase in tumor necrosis factor (TNF) -alpha secretion in animals 
receiving both monoclonal antibodies. These results suggest distinct roles 
for CD80 and CD86 in the initiation of EAE, resulting in the diverse 
clinical outcomes observed in this model of EAE. 

Opposing effects of CTLA4-Ig and anti-CD80 (B7-1) plus anti-CD86 
(B7-2) on experimental allergic encephalomyelitis. 

and CD86, during actively induced experimental allergic 
encephalomyelitis were examined with specific monoclonal antibodies and 
CTLA4-Ig. Injection of CTLA4 -Ig on day 2 post-immunization 
resulted in decreased incidence and severity of resultant disease... 

. . . Examination of cytokine production in the draining lymph node cells 
demonstrated a reduction in both interferon (IFN) -gamma and 
interleukin (IL)-2 producing cells, but a dramatic increase in tumor 

necrosis factor (TNF) -alpha secretion in animals, receiving both-monoclonal - " ~ 
antibodies . These "results'. . . 
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CD28-B7 blockade after alloantigenic challenge in vivo inhibits Thl 
cytokines but spares Th2 . 
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Blocking the CD28-B7 T cell costimulatory pathway with the fusion protein 
CTI*A4Ig inhibits alloimmune responses in vitro and in vivo and 
induces tolerance to cardiac allografts in mice and rats, but the 
mechanisms mediating the tolerant state in vivo are unknown. Here, we 
report the effects and potential mechanisms of CTLA4 Ig in the rat 
renal allograft model. LEW rats were nephrectomized and received renal 
allografts from major histocompatibility complex-incompatible WF rats. 
While all untreated and control immunoglobulin (Ig) -treated animals acutely 
rejected their allografts and died, 86% of rats that received a single 
injection of CTLA4 Ig on day 2 after transplantation had prolonged 
survival (> 60-100 days) with preserved renal function. By contrast, only 
29% of animals that received CTLA4 Ig on the day of engraftment had 
prolonged survival. Long-term survivors (> 100 days) exhibited 
donor-specific tolerance, accepting donor-matched WF but acutely rejecting 
third-party BN cardiac allografts. Immunohistological analysis of grafts 
sampled at 1 week after transplantation showed that both control and 
CTLA4 Ig -treated animals had mononuclear cell infiltrates, with a 
higher percentage of CD4 + cells in the CTLA4Ig -treated group. 
However, while this was associated with vasculitis and tubulitis in control 
grafts, there was no evidence of tissue injury in CTLA4Ig-treated 
animals. The immune response leading to graft rejection in control animals 
was characterized by expression of the T helper (Th) type 1 cytokines 
interleukin (IL)-2 and interferon-gamma . In contrast, the 
persistent CD4+ infiltrate without graft rejection in CTLA4Ig-treated 
animals was associated with increased staining for the Th2-related 
cytokines IL-4 and IL-10. Furthermore, grafts from CTLA4Ig- treated 
animals had marked upregulation of intragraft staining for IgGl, but not 
IgG2a or IgG2b. Administration of rIL-2 to CTLA4Ig-treated animals 
restored allograft rejection in 50% of animals tested. These results 
confirm that blockade of the CD28-B7 pathway after alloantigenic challenge 
induces donor-specific acceptance of vascularized organ allografts, and 
indicates in this model that CTLA4Ig inhibits Thl but spares Th2 
cy tokine s in vivo. 



Blocking the CD28-B7 T cell costimulatory pathway with the fusion protein 
CTLA4 Ig inhibits alloimmune responses in vitro and in vivo and 
induces tolerance to cardiac allografts in... 



... tolerant state in vivo are unknown. Here, we report the effects and 
potential mechanisms of CTLA4 Ig in the rat renal allograft model. LEW 
rats were nephrectomized and received renal allografts from. . . 

. . . acutely rejected their allografts and died, 86% of rats that received a 



single injection of CTLA4Ig on day 2 after transplantation had 
prolonged survival (> 60-100 days) with preserved renal function. By 
contrast, only 29% of animals that received CTLA4Ig on the day of 
engraftment had prolonged survival. Long-term survivors {> 100 days) 
exhibited donor. . . 

Immunohistological analysis of grafts sampled at 1 week after 
transplantation showed that both control and CTUUIg- treated animals 
had mononuclear cell infiltrates, with a higher percentage of CD4+ cells in 
the CTUUIg -treated group. However, while this was associated with 
vasculitis and tubulitis in control grafts, there was no evidence. of tissue 
injury in CTUUIg -treated animals. The immune response leading to 
graft rejection in control animals was characterized by expression of the T 
helper (Th) type 1 cytokines interleukin (IL)-2 and interferon- 
gaxnma . In contrast, the persistent CD4+ infiltrate without graft 
rejection in CTUUIg- treated animals was associated with 
increased staining for the Th2-related cytokines IL-4 and IL-10. 
Furthermore, grafts from CTUUIg -treated animals had marked 
upregulation of intragraft staining for IgGl, but not IgG2a or IgG2b. 
Administration of rIL-2 to CTUUIg-treated animals restored allograft 
rejection in 50% of animals tested. These results confirm that blockade... 

. . . challenge induces donor-specific acceptance of vascularized organ 
allografts, and indicates in this model that CTUUIg inhibits Thl but 
spares Th2 cytokines in vivo. 
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We have previously shown that dendritic cells isolated after overnight 
culture, which can express B7 and are potent stimulators of naive T cell 
proliferation, are relatively poor at inducing the proliferation of a panel 
of murine T helper 1 (Thl) clones. Maximal stimulation of Thl clones was 
achieved using unseparated splenic antigen presenting cells (APC) . An 
explanation for these findings is provided in the present study where we 
show that FcR+ L cells transfected with B7 stimulate minimal proliferation 
of Thl clones in response to anti-CD3 antibodies, in contrast to induction 
of significant proliferation of naive T cells. However, addition of 
interleukin 12 (IL-12) to cultures of Thl cells stimulated with anti-CD3 
and FcR+ B7 transf ectants resulted in a very pronounced increase in 
proliferation and interferon gamma ( I FN -gamma ) 

production. Exogenous IL-12 did not affect the B7-induced proliferation of 
naive T cells. This showed that whereas costimulatory signals delivered via 
B7-CD28 interaction are sufficient to induce significant proliferation of 
naive T cells activated through occupancy of the T cell receptor, Thl T 
cell clones require cooperative costimulation by B7 and _ IL-rl2. This- 
costimulation was - shown to be specific by ^ inhib ition^ qf^prn1.i,f eration and 

IFN- aamma _ production using chimeric s oluble _ c ytolytic T 

ly mphocytej ^as_s^aia^exL, — antigen 4dh uman IgGl Fc (CTLA4 -Ig) and 

anti-IL-12 antibodies . F urthermore ,, tlie__sJ^nXfic^n.t-_aatxgen s pecif ic 

p rolif erati ^gjx- — and — X-EN^qamma pro_dy,c.ti.ojj_b.v„_T hl clones observed _when 
splenocytes were used as APC was almost completely abrogated using 



CTLA4 -Ig and anti-IL-12 antibodies. Thus two costimulatory signals, 

B7 and IL-12, account for the ability of splenic APC to induce maximal 

stimulation of Thl clones. IL-10 downregulates the expression of IL-12 by 

IFN-gamma -stimulated macrophages and this may account largely for t 

the ability of IL-10 to inhibit APC function of splenic and macrophage APC 

for the induction of Thl cell proliferation and IFN-gamma production. 

Indeed we show that IL-12 can overcome the inhibitory effect of IL-10 for 

the APC-dependent induction of proliferation and IFN-gamma production 

by Thl clones. These results suggest that proliferation by terminally 

differentiated Thl clones, in contrast to naive T cells, requires 

stimulation via membrane-bound B7 and a cytokine, IL-12. It is possible 

that these signals may result in the activation of unresponsive T cells 

during an inflammatory response. IL-10, by its role in regulating such 

innate inflammatory responses, may thus help to maintain these T cells in 

an unresponsive state. 

B7 and interleukin 12 cooperate for proliferation and interferon 
gamma production by mouse T helper clones that are unresponsive to B7 
costimulation . 

. . . Thl cells stimulated with anti-CD3 and FcR+ B7 transf ectants resulted 
in a very pronounced increase in proliferation and interferon 
gamma (IFN-gamma ) production. Exogenous IL-12 did not affect 
the B7-induced proliferation of naive T cells... 

... IL-12. This costimulation was shown to be specific by inhibition of 
proliferation and IFN-gamma production using chimeric soluble 
cytolytic T lymphocyte-associated antigen 4-human IgGlFc (CTLA4-Ig) 
and anti-IL-12 antibodies. Furthermore, the significant antigen specific 
proliferation and IFN-gamma production by Thl clones observed when 
splenocytes were used as APC was almost completely abrogated using 
CTLA4 -Ig and anti-IL-12 antibodies. Thus two costimulatory signals, 
B7 and IL-12, account... 

...maximal stimulation of Thl clones. IL-10 downregulates the expression of 
IL-12 by IFN-gamma -stimulated macrophages and this may account 
largely for t the ability of IL-10 to. . . 

. . . function of splenic and macrophage APC for the induction of Thl cell 
proliferation and IFN-gamma production. Indeed we show that IL-12 can 
overcome the inhibitory effect of IL-10 for the APC-dependent induction of 
proliferation and IFN-gamma production by Thl clones. These results 
suggest that proliferation by terminally differentiated Thl clones, in. . . 
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Dendritic cells (DC) play a critical role in the initiation of T 
cell-mediated immune responses, and express costimulatory molecules that 
are required for optimal activation of unprimed T cells. Studies on the 
regulation of the costimulatory molecules on DC have produced evidence from 
several systems that GM-CSF can up-regulate expression of CTLA4 

counter receptor (CTIA4-CR) (but not intercellular adhesion molecule 
1 (ICAM-1) and heat stable Ag (HsAg) ) on DC. This is demonstrated on 
splenic DC, Langerhans cells, kidney DC in culture, and in a skin-explant 
culture system, in which the increased expression of CTLA4-CR 
on Langerhans cells (LC) occurs concomitantly with their migration out of 
skin. Interestingly, despite the ability of both GM-CSF and IFN-gamma 

to increase CTLA4 -CR and maintain similar levels of ICAM-1, 
HsAg, and MHC molecule expression, the functional consequences of these 
cytokines on splenic DC are distinctly different. GM-CSF enhances the 
ability of DC to stimulate both T cell proliferation and cytokine release, 
whereas IFN-gamma causes no increase in immunostimulatory 
function. Further analysis of the CTLA4-CR on these cell populations 
by using the GL-1 and IG10 mAbs has shown that GM-CSF-cultured DC express 
high levels of both B7-1 and B7-2, whereas IFN-gamma-cultured DC 
express increased levels of only B7-2. These results suggest that 
optimal stimulation of unprimed T cells to proliferate and release 
cytokines may require participation of both of these CTLA4 counter 
receptors, and confirm the importance of GM-CSF for the maturation of DC 
into potent stimulators of T cell activation. 

... DC have produced evidence from several systems that GM-CSF can 
up-regulate expression of CTLA4 " counter receptor (CTLA4-CR) 
(but not intercellular adhesion molecule 1 (ICAM-1) and heat stable Ag 
(HsAg) ) on. . . 

. . . cells, kidney DC in culture, and in a skin-explant culture system, in 
which the increased expression of CTLA4-CR on Langerhans cells 
(LC) occurs concomitantly with their migration out of skin. Interestingly, 
despite the ability of both GM-CSF and IFN-gamma to increase 
CTLA4 -CR and maintain similar levels of ICAM-1, HsAg, and MHC 
molecule expression, the functional... 

. . . the ability of DC to stimulate both T cell proliferation and cytokine 
release, whereas IFN-gamma causes no increase in 
immunostimulatory function. Further analysis of the CTLA4-CR on these 
cell populations by using the GL-1 and IG10 mAbs has shown... 

. . .CSF-cultured DC express high levels of both B7-1 and B7-2, whereas IFN- 
gamma-cultured DC express increased levels of only B7-2. These 
results suggest that optimal stimulation of unprimed T cells to proliferate 
and release cytokines may require participation of both of these 
CTLA4 counter receptors, and confirm the importance of GM-CSF for the 
maturation of DC into... 
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Ischemia/reperfusion injury associated with organ retrieval and storage 
influences^ the de ve 1 opme nt of chrpni_c_graf t__dys.function,_the major- clinical- 
problem in solid organ transplantation. The potential role of mononuclear 
cells (T cells and monocyte/macrophages) in this type of injury is unknown. 
Inbred male Lewis rats were uninephrectomized and the left kidney perfused 
in situ with 10 ml of iced University of Wisconsin solution. 
Immunohistological studies showed mononuclear cell infiltration of the 
ischemic organs associated with the upregulation of MHC class II antigen 



expression. Reverse transcriptase-PCR indicated that T cell associated 
cytokines and monocyte/macrophage activation markers/products are 
upregulated early after the ischemic insult. B7 expression occurred within 
24 h and peaked at 3d. Plasma creatinine levels rose transiently with 
complete recovery of renal function by 5 d. Animals began to develop 
progressive proteinuria after 8-12 wk, indicative of the long-term 
functional consequences of early ischemia/reperfusion injury. Blockade of T 
cell CD28-B7 costimulation with CTUUIg resulted in significant 
inhibition of T cell and macrophage infiltration and activation 
in situ. Treated animals did not exhibit transient renal dysfunction, nor 
developed proteinuria over time. This is the first demonstration that 
blocking T cell costimulatory activation in the absence of alloantigen can 
prevent the early and late consequences of ischemia/reperfusion injury. 

. . . class II antigen expression. Reverse transcriptase-PCR indicated that 
T cell associated cytokines and monocyte/macrophage activation 
markers/products are upregulated early after the ischemic insult. B7 
expression occurred within 24... 

. . . functional consequences of early ischemia/reperfusion injury. Blockade 
of T cell CD28-B7 costimulation with CTLA4Ig resulted in significant 
inhibition of T cell and macrophage infiltration and activation 
in situ. Treated animals did not exhibit transient renal dysfunction, nor 
developed. . . 
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blasts after retrovirus-mediated gene transfer of B7.1. 

Hirst WJ; Buggins A; Darling D; Gaken J; Farzaneh F; Mufti GJ 

Departments of Haematological Medicine and Molecular, King's College 
School of Medicine and Dentistry, London, UK. 

Gene Ther (ENGLAND) Jul 1997, 4 (7) p691-9, ISSN 0969-7128 
Journal Code: CCE 

Languages : ENGLISH 

Document type: JOURNAL ARTICLE 

Gene modification of malignant cells to express immune stimulators 
(cytokines and immune costimulators) has provided the basis for a novel 
form of immunotherapy. Using a MPSV-based retroviral vector with hygromycin 
resistance gene as a selectable marker, we have studied retrovirus-mediated 
gene transfer of an immune costimulator, B7.1, into primary human acute 
myeloid leukaemia (AML) cells and the subsequent induction of immune 
costimulatory function. AML blasts from 10 patients were transduced by 
co-culture for 48 h with or without haemopoietic growth factors (HGFs) . In 
the absence of HGFs, transduction efficiency (TE), as judged by % B7 . 1 
expressing cells, was low, varying from 0.3 to 8.2% (median 1.5%). Addition 
of HGFs increased the median TE 1.8-fold with stem cell factor alone and 
2. 6- fold with SCF, interleukin-3 and GM-CSF. Effects on cell cycling alone 
could not explain this difference, suggesting other factors such as virus 
binding and promoter activity, are also involved. CFU-AL assays indicated a 
higher transduction efficiency of clonogenic cells, which was not improved 
by growth factors. Limited duration of cell growth prevented significant 
expansion of transduced populations by culture in the presence of 
hygromycin. Although not increasing transduction efficiency, CD34 
enrichment enhanced, drug _ selection, by targeting cells with the greatest 
self-renewal capacity. Immunoselection of B7.1 expressing cells produced 
transduced populations with 30-60% expressing B7.1. In an allogeneic mixed 
leukaemic cell/T lymphocyte reaction (MLLR) transduced AML cells enriched 
by immunoselection were able to stimulate allogeneic T cells (CD4 and CD8 
positive), which could be inhibited by a solubilised B7 receptor, 
CTLA4 .Ig. Our results demonstrate that using a replication 



incompetent retroviral vector, it is possible to introduce the immune 
costimulator B7 . 1 into primary AML-blasts and by immunoselection, enrich 
the transduced cells, which may be used for subsequent administration as an 
autologous cellular vaccine. 

. . . immunoselection were able to stimulate allogeneic T cells (CD4 and CD8 
positive), which could be inhibited by a solubilised B7 receptor, 
CTLA4 . Ig. Our results demonstrate that using a replication 
incompetent retroviral vector, it is possible to. . . 
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Recent studies from our laboratory indicate that local and (particularly) 
systemic steroids can modulate the traffic of dendritic cells (DC) through 
resting and inflamed airway epithelial tissues. The present report focuses 
upon the T-cell activating properties of DC, which are controlled by 
granulocyte-macrophage colony-stimulating factor (GM-CSF) signals, 
and in particular the question of whether the DC-stimulating effects of 
GM-CSF are susceptible to regulation by steroids. We present evidence that 
while dexamethasone inhibited GM-CSF-dependent uptake and/or 
processing of exogenous antigen by DC, it was ineffective in blocking the 
presentation of preprocessed self antigen to alloreactive T cells in a 
one-way mixed lymphocyte reaction (MLR) . Associated GM-CSF-induced 
up- regulation of major histocompatability complex (MHC) class II and 
CTLA4 ligand expression by DC were also unaffected by dexamethasone 
phosphate (DX) , reinforcing the view that the inhibitory effects of 
steroids on the T-cell activating functions of DC are restricted to steps 
upstream from presentation of processed antigen to the T-cell receptor 
(TCR) . These findings have potentially important implications in relation 
to the use of topical steroids in the treatment of atopic asthma, a disease 
in which local T-cell activation in airway tissue is a key pathogenic 
factor, and which furthermore is characterized by intense production of 
GM-CSF within the airway epithelium. 

Steroids inhibit uptake and/or processing but not presentation of 
antigen by airway dendritic cells. 

. . . report focuses upon the T-cell activating properties of DC, which are 
controlled by granulocyte-macrophage colony-stimulating factor 
(GM-CSF) signals, and in particular the question of whether the DC. . . 

...of GM-CSF are susceptible to regulation by steroids. We present evidence 

-that - while- -dexamethasone — inhibited — GM-CSF-dependent-uptake -and/or 

processing of exogenous antigen by DC, it was ineffective... 

MLR) . Associated GM-CSF-induced up-regulation of major 
histocompatability complex (MHC) class II and CTLA4 ligand expression 
by DC were also unaffected by dexamethasone phosphate (DX) , reinforcing the 
view that the inhibitory effects of steroids on the T-cell activating 



functions of DC are restricted to steps... 
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Blocking CD28-B7 T-cell costimulation by CTLA4Ig induces tolerance 
to rat renal allografts a nd inhibits Thl, but _sp,ares^ Eh2^ cytokines. 
We now report on the mechanisms of CD28-B7 blockade in this model. 
Lymphocytes from CTLA4Ig-treated animals showed significant reduction 
of mixed lymphocyte response, as well as antidonor cytotoxic T-cell 
effector function, as compared with rejecting controls. Flow cytometry 
studies on sera of renal allograft recipients showed complete 
inhibition of antidonor humoral responses by CTLA4Ig. Analysis 
by reverse transcriptase-polymerase chain reaction and immunohistology 
showed that intragraft macrophage products, monocyte chemoattractant 
protein-1 and inducible nitric oxide synthase, were reduced by 
CTLA4 Ig therapy. I mmunohistol oqic studies also showed reduced 
intragraft macrophage infiltration and decreased staininq~~for .t he 
fib rogenic ancT mito genic growth factor, transformi-nq-qrowtrh— f actor-bet a . 
THese results indicate that CD28-B7 blockade inhibits cell-mediated 
and humoral immune responses, and suggest that strategies targeting T-cell 
costimulation may provide a novel approach to prevent chronic allograft 
rejection . 

CD28-B7 T cell costimulatory blockade by CTLA4 Ig in the rat renal 
allograft model: inhibition of cell-mediated and humoral immune 
responses in vivo. 

Blocking CD28-B7 T-cell costimulation by CTLA4Ig induces tolerance 
to rat renal allografts and inhibits Thl, but spares Th2, cytokines. 
We now report on the mechanisms of CD28-B7 blockade in this model. 
Lymphocytes from CTLA4Ig- treated animals showed significant reduction 
of mixed lymphocyte response, as well as antidonor cytotoxic T. . . 

J1 _cjDmpa^red__wit.h_ .re jecting controls Flow. -cytometry -studies-on— sera-of— 

renal allograft recipients showed complete inhibition of antidonor 
humoral responses by CTLA4Ig . Analysis by reverse 
transcriptase-polymerase chain reaction and immunohistology showed that 
intragraft macrophage products, monocyte chemoattractant protein-1 
and inducible nitric oxide synthase, were reduced by CTLA4lg therapy. 
Immunohistologic studies also showed reduced intragraft macrophage 



infiltration and decreased staining for the fibrogenic and mitogenic growth 
factor, transforming growth factor-beta. These results indicate that 
CD28-B7 blockade inhibits cell-mediated and humoral immune responses, 
and suggest that strategies targeting T-cell costimulation may. . . 
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Although the rat is commonly used for basic immunology and 
transplantation research, phenotypic and functional characterization of rat 
dendritic cells (DCs) lags behind similar studies in the human and mouse. 
Therefore, these features were examined using DCs propagated from cultures 
of rat bone marrow maintained in a medium supplemented with 
granulocyte-monocyte colony-stimulating factor. Analysis of cytospin 
preparations of cultured cells showd that DCs arise from 0X7+ 
myelomonocytic precursors. Typical mature rat DCs were morphologically 
similar to their mouse and human counterparts and expressed major 
histocompatibility complex (MHC) class II (common part determinant of la), 
OX62 (integrin molecule), OX7 (CD90) , ICAM-1 (CD54) , and CTLA4 
counterreceptor, but were negative for OX8 (CD8), 0X19 (CDS) , W3/25 (CD4), 
and ED2, a rat macrophage marker. Functional analysis of 0X62+ sorted 
DCs showed that they could effectively present the soluble antigen 
ovalbumin to naive T cells in vitro. A combination of anti-MHC class II 
monoclonal antibody and CTLA4-immunoglobulin inhibited 
allostimulatory ability more effectively than either reagent alone. 
Implications for studying the role of DCs in immune responses in the rat 
are discussed. 

... II (common part determinant of la), OX62 (integrin molecule) , 0X7 
(CD90) , ICAM-1 (CD54), and CTLA4 counterreceptor, but were negative 
for 0X8 (CD8), 0X19 (CDS), W3/25 (CD4) , and ED2, a rat macrophage 
marker. Functional analysis of 0X62+ sorted DCs showed that they could 
effectively present the soluble... 

... naive T cells in vitro. A combination of anti-MHC class II monoclonal 
antibody and CTLA4- immunoglobulin inhibited allostimulatory 
ability more effectively than either reagent alone. Implications for 
studying the role of DCs... 
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Dendritic cells comprise a system of highly efficient antigen-presenting 
cells involved in the initiation of T cell responses. Herein, we 
investigated the role of the CD28 pathway during alloreactive T'cell 
proliferation induced by dendritic-Langerhans cells (D-Lc) generated by 
culturing human cord blood CD34+ progenitor cells with granulocyte/ 
macrophage colony-stimulating factor and tumor necrosis factor alpha. 
In addition to expressing CD80 (B7/BB1), a subset of D-Lc expressed 
B70/B7-2. Binding of the CTLA4-Ig fusion protein was completely 
inhibited by a combination of monoclonal antibodies (mAbs) against 
CD80 and B70/B7-2, indicating the absence of expression of a third ligand 
for CD28/CTLA-4. It is interesting to note that mAbs against CD86 
completely prevented the binding of CTLA4-Ig in the presence of mAbs 
against CD80 and bound to a B70/B7-2-transf ected fibroblast cell line, 
demonstrating that the B70/B7-2 antigen is identical to CD86. CD28 
triggering was essential during D-Lc-induced alloreaction as it was 
inhibited by mAbs against CD28 (9 out of 11 tested). However, none of 
six anti-CD80 mAbs demonstrated any activity on the D-Lc-induced 
alloreaction, though some were previously described as inhibitory in 
assays using CD80-transf ected cell lines. In contrast, a mAb against CD86 
(IT-2) was found to suppress the D-Lc-dependent alloreaction by 70%. This 
inhibitory effect was enhanced to > or = 90% when a combination of 
anti-CD80 and anti-CD86 mAbs was used. The present results demonstrate that 
D-Lc express, in addition to CD80, the other ligand for CTLA-4, CD86 
(B70/B7-2), which plays a primordial role during D-Lc-induced alloreaction. 

. . . Langerhans cells (D-Lc) generated by culturing human cord blood CD34+ 
progenitor cells with granulocyte/macrophage colony-stimulating 
factor and tumor necrosis factor alpha. In addition to expressing CD80 
(B7/BB1), a subset of D-Lc expressed B70/B7-2. Binding of the CTLA4 
-Ig fusion protein was completely inhibited by a combination of 
monoclonal antibodies (mAbs) against CD80 and B70/B7-2, indicating the... 

...4. It is interesting to note that mAbs against CD86 completely prevented 
the binding of CTLA4 -Ig in the presence of mAbs against CD80 and 
bound to a B70/B7-2... 

... identical to CD86. CD28 triggering was essential during D-Lc-induced 
alloreaction as it was inhibited by mAbs against CD28 (9 out of 11 
tested). However, none of six anti-CD80. . . 

. . . demonstrated any activity on the D-Lc-induced alloreaction, though some 
were previously described as inhibitory in assays using 
CD80-transfected cell lines. In contrast, a mAb against CD86 (IT-2) was 
found to suppress the D-Lc-dependent alloreaction by 70%. This 
inhibitory effect was enhanced to > or = 90% when a combination of 
anti-CD80 and anti-CD86. . . 
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Antigen-specific T cell activation requires the engagement of the T cell 



receptor (TCR) with antigen as well as the engagement of appropriate 
costimulatory molecules. The most extensively characterized Pathway of 
^ttlnatio!, has been that involving the interaction of CD28 and 
CTLAi" on the T cell with B7 (now termed B7-1) on antigen presenting 
cells Recently, B7-2 a second costimulatory ligand for CTLA4, was 
described, demonstrating the potential complexity of costimulatory 
interactions. This report examines and compares the expression and function 
of" tl-1 and B7-2. Overall these results indicate that (a) B7-1 and B7-2 can 
be expressed by multiple cell types, including B cells, T cells, 
macrophages, and Y dendritic cells, all of which are therefore candidate 
populations for delivering costimulatory signals mediated by these 
molecules; (b) stimulating B cells with either LPS or anti-IgD-dextran 
Suced expression of both B7-1 and B7-2, and peak expression of both 
costimulatory molecules occurred after 18-42 h of culture. Expression of 
Bl-2 on these B cell populations was significantly higher than expression 
of B7-1 at all times assayed after stimulation; (c) blocking of B7-2 
costimulatory activity inhibited TCR-dependent T cell proliferation 
and cytokine production, without affecting early consequences of TCR 
signaling such as induction of CD69 or interleukm 2 receptor alpha (IL-2R 
"pha); and (d, expression of B7-1 and of B7- can be b * J 

variety of stimuli. Moreover, expression of B7-1 and B7-2 can be 
independently regulated by the same stimulus, providing an additional 
complexity in the mechanisms available for regulating costimulation and 
hence immune response. 

. . . most extensively characterized pathway of costimulation has been that 
involving the interaction of CD28 and CTLA4 on the T cell with B7 
(now termed B7-1) on antigen presenting cells. Recently B7-2 a second 
costimulatory ligand for CTLA4 , was described, demonstrating the 
poSiSal complexity of costimulatory interactions. This report examines 
and compares the^.^ ^ st . mulation; , c) blocking of B7-2 

costimulatory activity inhibited TCR-dependent T cell proliferation 
and cytokine production, without affecting early consequences of TCR 
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We have previously shown that dendritic cells isolated after. overnight 
culture which can express B7 and are potent stimulators of naive T cell 
troliSrati^ 

IT 'murine "t helper 1 (Thi? clones. Maximal stimulation of ™ eloje. was 
achieved using unseparated splenic antigen presenting cells (APC) . An 
explanation for these findings is provided in the present study where we 
^ow S^FcR* L cells transfected with B7 stimulate minimal proliferation 
of Thlclones in response to anti-CD3 antibodies, in contrast to induction 
of significant proliferation of naive T cells. However, addition of 



interleukin 12 (IL-12) to cultures of Thl cells stimulated with anti-CD3 
and FcR+ B7 transf ectants resulted in a very pronounced increase in 
proliferation and interferon gamma (IFN-gamma) production. Exogenous IL-12 
did not affect the B7-induced proliferation of naive T cells. This showed 
that whereas costimulatory signals delivered via B7-CD28 interaction are 
sufficient to induce significant proliferation of naive T cells. activated 
through occupancy of the T cell receptor, T hl T cell clones re quire 
cooperative costimulation by B7 and IL-12. This costimulation was shown to 
be specific by inh ibition of proli f eration and JJ3fagainma__ production 
using chimeric soluble cytolytic T lymphocytes-associated antigen 4-human 
i gGlFcT ^ (CTLA4 -Iq) an d anti-I L- 12 antibodies . Furthermore, the 
significant antigen specific proliteration and IFN-gamma production by Thl 
clones observed when splenocytes were used as APC was almost completely 
abrogated using CTLA4 -Ig and anti-IL-12 antibodies. Thus two 
costimulatory signals, B7 and IL-12, account for the ability of splenic APC 
to induce maximal stimulation of Thl clones. IL-10 downregulates the 
expression of IL-12 by IFN-gamma-stimulated macrophages and this may 
account largely for t the ability of IL-10 to inhibit APC function of 
splenic and macrophage APC for the induction of Thl cell 
proliferation and IFN-gamma production. Indeed we show that IL-12 can 
overcome the inhibitory effect of IL-10 for the APC-dependent 
induction of proliferation and IFN-gamma production by Thl clones. These 
results suggest that proliferation by terminally differentiated Thl clones, 
in contrast to naive T cells, requires stimulation via membrane-bound B7 
and a cytokine, IL-12. It is possible that these signals may result in the 
activation of unresponsive T cells during an inflammatory response. IL-10, 
by its role in regulating such innate inflammatory responses, may thus help 
to maintain these T cells in an unresponsive state. 

... cooperative costimulation by B7 and IL-12. This costimulation was 
shown to be specific by inhibition of proliferation and IFN-gamma 
production using chimeric soluble cytolytic T lymphocyte-associated antigen 
4-human IgGlFc (CTLA4-Ig) and anti-IL-12 antibodies. Furthermore, the 
significant antigen specific proliferation and IFN-gamma... 

... by Thl clones observed when splenocytes were used as APC was almost 
completely abrogated using CTLA4-Ig and anti-IL-12 antibodies. Thus 
two costimulatory signals, B7 and IL-12, account... 

...stimulated macrophages and this may account largely for t the ability of 
IL-10 to inhibit APC function of splenic and macrophage APC for 
the induction of Thl cell proliferation and IFN-gamma production. Indeed we 
show that IL-12 can overcome the inhibitory effect of IL-10 for the 
APC-dependent induction of proliferation and IFN-gamma production... 
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ABSTRACT: The PBjl4 isolate of the simian immunodeficiency virus 

SIVsmmPBjl4 is unique among primate lentiviruses in its ability to induce 
lymphocyte proliferation and acutely lethal disease. The studies reported 
here show that viral induction of T-cell proliferation requires accessory 
cells, such as primary monocytes or Raji B-lymphoma cells, as well as the 
presence of a putative immunoreceptor tyrosine-based activation motif 
within the viral Nef protein. Addition of CTLA4- immunoglobulin 
fusion protein or anti-B7 antibodies to virally infected T cells led to 
substantial, but not complete, inhibition of monocyte-costimulated 
T-cell proliferation-suggesting that both CD2 8/B7-dependent and 
non-CD28-dependent pathways may contribute to the costimulation of 
virally induced lymphoprolif eration . Finally, cyclosporin A, a specific 
inhibitor of the calcium-calmodulin-regulated phosphatase activity 
of calcineurin, which influences activation of the transcription factor 
nuclear factor of activated T cells, was shown to block virally mediated 
T-cell proliferation. Taken together, these findings suggest that the 
effect of SIVsmmPBjl4 on T-cell activation may be functionally analogous, 
at least in part, to the effect of engagement of the T-cell receptor. 

. . .ABSTRACT: of a putative immunoreceptor tyrosine-based activation motif 
within the viral Nef protein. Addition of CTLA4- immunoglobulin 
fusion protein or anti-B7 antibodies to virally infected T cells led to 
substantial, but not complete, inhibition of monocyte-costimulated 
T-cell proliferation-suggesting that both CD28/B7-dependent and non-CD28 



...pathways may contribute to the costimulation of virally induced 
lymphoprolif eration . Finally, cyclosporin A, a specific inhibitor 
of the calcium-calmodulin-regulated phosphatase activity of calcineurin, 
which influences activation of the transcription... 
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ABSTRACT: Blocking CD28-B7 T-cell costimulation by CTLA4 Ig induces 
tolerance to rat renal allografts and inhibits Thl, but spares Th2, 
cytokines. We now report on the mechanisms of CD28-B7 blockade in this 
model. Lymphocytes from CTLA4Ig- treated animals showed significant 
reduction of mixed lymphocyte response, as well as antidonor cytotoxic 
T=celT~e"f f ectfoT^f unc^ 

cytometry studies on sera of renal allograft recipients showed complete 

inhibition of antidonor humoral responses by CTLA41g. 

Analysis by reverse transcriptase-polymerase chain reaction and 

immunohistology showed that intragraft macrophage products, 

monocyte chemoattractant protein-1 and inducible nitric oxide synthase, 

were reduced by CTLA4Ig therapy. Immunohistologic studies also 



showed reduced intragraft macrophage infiltration and decreased 
staining for the fibrogenic and mitogenic growth factor, transforming 
growth factor-beta. These results indicate that CD28-B7 blockade 
inhibits cell-mediated and humoral immune responses, and suggest 
that strategies targeting T-cell costimuiation may provide a novel 
approach to prevent chronic allograft rejection. 

CD28-B7 T cell costimulatory blockage by CTLA4Ig in the rat renal 
allograft model: Inhibition of cell-mediated and humoral immune 
responses in vivo. 

ABSTRACT: Blocking CD28-B7 T-cell costimuiation by CTLA4Ig induces 
tolerance to rat renal allografts and inhibits Thl, but spares Th2, 
cytokines. We now report on the mechanisms of CD28-B7 blockade in this 
model. Lymphocytes from CTLA4Ig- treated animals showed significant 
reduction of mixed lymphocyte response, as well as antidonor cytotoxic T 



...compared with rejecting controls. Flow cytometry studies on sera of 
renal allograft recipients showed complete inhibition of antidonor 
humoral responses by CTLA41g. Analysis by reverse 

transcriptase-polymerase chain reaction and immunohistology showed that 
intragraft macrophage products, monocyte chemoattractant protein-1 
and inducible nitric oxide synthase, were reduced by CTLA4Ig 
therapy. Immunohistologic studies also showed reduced intragraft 
macrophage infiltration and decreased staining for the fibrogenic 
and mitogenic growth factor, transforming growth factor-beta. These 
results indicate that CD28-B7 blockade inhibits cell-mediated and 
humoral immune responses, and suggest that strategies targeting T-cell 
costimuiation may. . . 
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Mechanisms of tolerance to renal allografts by CTLA4lg: 
Inhibition of cellular immunity, humoral immunity, and 
macrophage activation in vivo. 
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ABSTRACT: Transplant rejection requires not only T cell receptor/CD3 
complex activation by foreign MHC, but also additional costimulatory 
signals, as T cell receptor activation alone is insufficient for 
induction of the immune response. The CD28 receptor on helper T cells, 
interacting with its ligand B7 on activated B cells or macrophages, 
provides this costimulus to support T cell activity. CTLA4 Ig (a 
soluble CD28 receptor analog), binds B7 and inhibits CD28 
activation. As cyclosporine (CsA) has many side effects and CTLA4 Ig 
alone has a significant benefit upon cardiac allograft survival, we 
theorized that allograft survival could be improved by using 
CTLA4Ig with lowered dose CsA. In vitro, high-dose CTLA4 Ig 
inhibited the mixed lymphocyte culture reaction (MLR) between 
MHC-incompatible rat strains. Furthermore, there was synergistic 
suppression of MLR by low-dose CTLA4 Ig combined with low-dose CsA. 
In vivo studies used a cervical heterotopic transplant model. Control 
recipients received no immunotherapy. Experimental recipients received 
low-dose CsA (1.5 mg/kg/day im) times 14 days after transplant or 
CTLA4Ig (10, 50, or 150 mu-g IP times 7 days) . Combination animals 
received both CTLA4Ig and CsA. These studies showed that low doses 
of CsA and CTLA4 Ig were additive in vivo, although no additional 
benefit was seen when CsA was combined with high-dose CTLA4Ig . 
These data suggest that the combination of low-dose CsA plus 
CTLA4 Ig may prove useful in clinical transplantation to maximize 
immunosuppression and minimize side effects. 

The Effect of Combination Cyclosporine and CTLA4-lg Therapy on 
Cardiac Allograft Survival. 

...ABSTRACT: B7 on activated B cells or macrophages, provides this 
costimulus to support T cell activity. CTLA4 Ig (a soluble CD28 
receptor analog), binds B7 and inhibits CD2 8 activation. As 
cyclosporine (CsA) has many side effects and CTLA4Ig alone has a 
significant benefit upon cardiac allograft survival, we theorized that 
allograft survival could be improved by using CTLA4 Ig with lowered 
dose CsA. In vitro, high-dose CTLA4 ig inhibited the mixed 
lymphocyte culture reaction (MLR) between MHC-incompatible rat strains. 
Furthermore, there was synergistic suppression of MLR by low-dose 
CTLA4Ig combined with low-dose CsA. In vivo studies used a cervical 
heterotopic transplant model. Control... 

...low-dose CsA (1.5 mg/kg/day im) times 14 days after transplant or 

_CTLA4Ig (_10,._ ^0,_ojrJ5P_mu-g_JLE^ 

received both CTLA4 Ig and CsA. These studies showed that low doses 
of CsA and CTLA4Ig were additive in vivo, although no additional 
benefit was seen when CsA was combined with high-dose CTLA4Ig . 
These data suggest that the combination of low-dose CsA plus 
CTLA4Ig may prove useful in clinical transplantation to maximize 
immunosuppression and minimize side effects. 
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ABSTRACT: The membrane antigen B7/BB1 (refs 1, 2) is expressed on activated 
B cells, macrophages and dendritic cells, and binds to a 
counter-receptor, CD28, expressed on T lymphocytes and thymocytes. 
Interaction between CD28 and B7 results in potent costimulation' of T-cell 
activation initiated through the CD3/T-cell receptor complex. 
Discrepancies between results with anti-CD28 and anti-B7 antibodies have 
suggested the existence of a second ligand for CD28 and CTLA-4 (refs 3, 
6-8) . We have generated a monoclonal antibody, IT2, that reacts with a 
70K glycoprotein (B70) . B70 complementary DNA was cloned from a 
B-lymphoblastoid cell line library and encodes a new protein of the 
immunoglobulin superfamily with limited homology to B7 . B70 is expressed 
on resting monocytes and dendritic cells and on activated, but not 
resting, T, NK and B lymphocytes. IT2 substantially inhibited the 
binding of a CTLA4- immunoglobulin fusion protein to human 
B-lymphoblastoid cell lines and, together with anti-B7 antibody, 
completely blocked CTLA-4 binding. Further IT2 efficiently 
inhibited primary allogeneic mixed lymphocyte responses. These 
findings indicate that B70 is a second ligand for CD28 and CTLA-4 and may 
play an important role for costimulation of T cells in a primary immune 
response . 

...ABSTRACT: dendritic cells and on activated, but not resting, T, NK and B 
lymphocytes. IT2 substantially inhibited the binding of a 
CTLA4-immunoglobulin fusion protein to human B-lymphoblastoid cell 
lines and, together with anti-B7 antibody, completely blocked CTLA-4 
binding. Further IT2 efficiently inhibited primary allogeneic mixed 
lymphocyte responses. These findings indicate that B70 is a second ligand 
for. . . 
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